Summary
This paper presents a globally convergent adaptive regulator for minimum or nonminimum phase systems subject to bounded disurbances. Ihe control strategy is deigned for a particular input-output representation obtined frm the state space reprsetation of the system. The leading coefficient of the new representation is the product of the observability and controllability matrices of the syste The controller scheme uses a Least Squares idendfication algorithm with dead zone.
The dead zone is chosen to obtain convergence pro es on the estimates and on the "covariance matrix" as well. This allows the definiton of modified estimates which secure well-conditioned matices in the adaptive control x(t+l) = Ax(t) + bu(t) + bv'(t) y(t) = cTx(t) + v"(t) The proof is given in reference (27 Yk+l =Nk+l1 (7) Since Y(t+2n) = N(t+2n) and U(t+n) = 0 for t = 2kn, x(t+n)
is exclusively bounded by the disturbac N(t+2n), V(t+n) and V"(t+n) for tim t = 2k (eq. A.3). Since U(t+n) = 0, x(t+2n) will be bounded by x(t+n) and V'(t+n) for t = 2kn
(eq. A.2).
The psed control stategy can also be intpreted as an alemate use of an n-step dead beat observe and an n-step dead beat controller. It is prefered not to increase the complexty of the control scheme at this stage to onvergenc analysis of the re nding adapve scheme which follows.
-Adaptive regulaton
We will assme tha equation 4 holds so that the system is Which can also be rewritte as (8) Yk+1 =O %+N+il 2) The forgetting factor kk in equadon 14 Each of the 10 properties previously described are proved in reference (27 3) and since U(t-n) = 0, it follows that x(t-n) is bounded by Y(t), V'(t-n) and V"(t-n).
Finally from (A.3) and (24) we observe that Y(t+n) is boundedby Y(t), V'(t-n), V"(t-n), V'(t) and V'(t). in other words, since U(t-n) = 0, the system operates in open loop formtime t-n to t-1 (see eq (3)). Therefore Y(t+n) depends only on the previous output Y(t) and the noises that disturbe the plant from time t-n to t+n-1. In view of (24) , U(t) is bounded by Y(t).
2) In assumption A.2 b3 can be interpreted as a measure of the controllability of the system. From equations (34a) and (35) it ca be seen that the size of the tolerable disturbances bounded linearly by 11 11 is inversely proportional to the measure of the controllaility of the system bo. In the case when j = 0 no a pro knowledge on the lower bound bo is required to compute the control law since k in (13) will only depend on i.
-Concluding remrks
This report presented an adaptive scheme that achieves regulation wihtout resorting to any persistent excitaiton condition. The proposed algorithm can be used to control minimum phase or nonminimum phase plants subject to bounded disturbances.
An explicit modification for the parameter estimates was presented that avoids having any ifl-conditioned matrix in the control law. This allowed the giving of explicit bounds for the plant output
The proposed tehcnique can also be used in adaptive control of multivariable systems whenever the estmate of a matrix coefficient is rquired to be nonsingular.
